Central Valley wine grapes commonly support two species of Tetranychid spider mites, the Pacific mite and the Willamette mite (Flaherty et al. 1992 (Flaherty and Huffaker 1970; Kinn and Doutt 1972) . However, even Pacific mites must exceed 8 to 14 mites per leaf (or 50% to 65% infested leaves), on average, before a treatment may be needed (Flaherty et al. 1992) . Willamette mites must exceed 30 mites per leaf, on average, before any economic losses have been detected (Welter et al. 1989) . Before treating mites, predator density, host plant related mortality, and other sources of mortality must be consid- 
Chemical controls
Chemical sprays remain the most frequently used tactic to control mites. Two acaricides -dicofol and propargite -are commonly used in California for grapes. We have conducted experiments with these two miticides in vineyards containing high densities of Pacific mites. Dicofol was found to reduce mite numbers immediately following its application. This effect and the fact that current law does not require a lengthy period after application before workers may reenter the field has made it appealing to growers. However, these advantages are more than offset by the consistent and strong resurgences in mite numbers that follow dicofol applications ( fig. 1) (Karban et al. 1997 ). In the vineyard depicted in figure 1, reductions in sugar content were associated with the mite resurgences ( fig. 2) . The reason for resurgences is unclear; dicofol may kill predatory mites, causing herbivore populations to explode, make plants more susceptible or stimulate the mites themselves to increase.
Although current law requires a period of 28 days after propargite use before workers may re-enter treated vineyards, more growers are trying the newer chemical because it has not been reported to produce mite resurgences. Resurgences of mites have been observed after the use of carbaryl for leafhopper control ( fig. 3) . As a result, dicofol should not be used, and particularly disruptive insecticides such as carbaryl should be avoided in vineyards where there is a risk of mite problems. 
Predatory mites
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CALIFORNIA AGRICULTURE, VOLUME 52, NUMBER 6 mites. The predatory mites provided inconsistent control of Pacific and Willamette mites (English-Loeb et al. 1993; Hanna et al. 1997 ). The most cost-effective biological control of spider mites in vineyards is to promote the development of naturally occurring predator populations by preserving alternate prey such as tydeid mites (Flaherty and Hoy 1971) and by using only selective pesticides when necessary.
Willamette mite releases
Vineyards that have chronically high populations of Pacific mites generally also have very low populations of Willamette mites and predatory mites. We have released Willamette mites into such vineyards early in the season and thereby lowered densities of all mites with better effect than other control options ( fig. 4) (Karban et al. 1997 ). We do not understand which physiological or biochemical changes in the grapevines are responsible for induced resistance against Pacific mites, although survival and especially fecundity of the mites are reduced. In laboratory trials, fecundity of Pacific mites was reduced by 65% on leaves of plants with induced resistance, and survival of adult females was reduced by 56% relative to uninduced controls (Karban, unpublished data) .
Although this tactic was consistently effective, there are problems with implementation because Willamette mites are not commercially available and are difficult to distin- guish from Pacific mites and other related species. Therefore we conducted experiments to determine whether a single introduction of Willamette mites was sustainable or whether they needed to be reintroduced repeatedly.
We found that a single, early season release of Willamette mites was sufficient to establish and replace the Pacific mites during the entire season, and even into subsequent seasons if not disrupted by pesticides. This effect was just as strong even if the Willamette mites and Pacific mites were separated temporally or spatially on the plant and even if predators were absent, suggesting that a change in host plant quality was responsible. Proper mite identification is important and sampling for both mites should be continued throughout the season to determine if either population has reached a treatment threshold. Early season releases should not be attempted in vineyards that experience chronic Willamette mite pressure.
Feeding by Willamette mites as the shoots were expanding early in the season reduced the quality of the foliage for mites that fed later in the season. Damage by Pacific mites at budbreak also induces resistance (English-Loeb et al. 1998) . Recent experimental results in other systems suggest that jasmonic acid is the plant hormone responsible for these increases in plant resistance (Thaler et al. 1996) . This role for jasmonic acid as the signal for damage by herbivores is highly conserved in most plant species. All of the plants we examined use jasmonic acid as a signal for damage by herbivores. Preliminary experimental results indicate that minute quantities of jasmonic acid can be applied to grape leaves to induce resistance to spider mites (Thaler and Omer, unpublished data), although more rigorous experiments are required to assess this new possibility.
Cover crops and mites
Cover crops have become popular in vineyard culture. These may have many advantages to growers although preliminary evidence does not support the hypothesis that the presence of cover crops will prove consistently beneficial for mite management (Karban et al. 1997) . Improved water penetration, greater soil fertility, and reduced dust associated with cover crops may be responsible for reducing effects of spider mites in those instances where benefits have been observed. Further work and experience will be required before a more informed assessment of the consequences of cover crops for spider mites in vineyards is possible.
Managing mites does not occur independently of other vineyard, horticultural and pest management practices. Proper irrigation, nutrient management, and dust control in and around vineyards are essential to manage mites as is careful use of nondisruptive pesticides.
Mite identification key
Distinguishing between the mite species found in vineyards is essential to managing them effectively. Unfortunately, these mite species are very small and difficult to distinguish, yet proper detection and identification is essential for effective management ( 
